The tyrosine transaminase of rat liver is elevated in the livers of adrenalectomized rats treated with glucocorticoid hormones.1' 2 The steroids are similarly effective in rats with intact adrenals, but in these animals, the transaminase level can also be elevated by treatment with a variety of agents which cause severe stress.2 In view of the well-known response of the pituitary-adrenal system to stress, transaminase induction' in response to stressing agents can reasonably be interpreted as being due to steroid elaboration under these circumstances.2 Hydrocortisone is known to increase the enzyme level by virtue of an increase in the rate of enzyme synthesis4 I which follows an increased rate of synthesis of ribosomal, transfer, and "DNA-like" RNA's.6' I Induction is prevented by moderate doses of actinomycin D, an inhibitor of RNA synthesis." This enzyme undergoes an unusually rapid turnover (t'/2 = ca. 2.5 hr5 9, 10), but the rate of enzyme degradation is essentially unchanged by steroid treatment.10 These observations are consistent with the interpretation that the induction of tryrosine transaminase by glucocorticoids represents an hormonal alteration of transcriptional events, the nature of which is as yet undefined.
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The recent experiments of Garren, Howell, Tomkins, and Crocco11 point to a second mechanism controlling the level of hepatic tyrosine transaminase (and that of the similarly inducible tryptophan pyrrolase). These authors have postulated the existence of repressor(s) capable of selectively inhibiting enzyme synthesis at the translational level, based on their observation that inhibitors of RNA synthesis can prolong the steroid-induced increase in enzyme synthesis, if the inhibitors are introduced at carefully chosen time intervals after the induction is initiated. In the present report we present direct evidence for the existence of a mechanism for selective repression of hepatic enzyme synthesis, confirming the suggestion of Garren et al. ' 1 Repression appears to operate on the translation process, and the involvement of a factor of pituitary origin is indicated. before a single injection of C14-leucine (30 ,gc; 240 mc/mmole), and they were killed 40 min after the isotope was given. Controls were given isotope in the same fashion, and were otherwise untreated or were given saline in the first injection. Homogenates were centrifuged at 105,000 X g for 60 min and the tlear supernatant fractions used for analyses. Labile proteins were removed by incubation at 370 for 30 min after addition of a-ketoglutarate (5 X 10-3 M) to protect the transaminase from denaturation. After centrifugation to remove denatured protein, identical aliquots were taken for precipitation with antiserum prepared against a highly purified transaminase preparation.18 Protein content of these aliquots was essentially constant, but the enzyme content varied according to the treatment given (1,200-24,000 units). Unlabeled carrier enzyme (specific activity 34,400 units/mg protein, purified through the calcium phosphate gel step in the scheme described previously18) was added to each to bring the enzyme level to a constant value (25,000 or 60,000 units). An equivalent of antibody was added, and the mixture was incubated at 370 for 30 min 4nd then at 30 overnight. Precipitates were collected, washed, and counted as described previously.4 After removal of the precipitate the supernatant fractions contained less than 5% of the original enzyme activity. To correct for nonspecific precipitation of radioactivity17 a second incubation was carried out, in which the enzyme level of the same supernatants was again brought to 25,000 gr 60,000 units by addition of carrier enzyme. After preeipitation with antibody as before, the precipitate was collected and its radioactivity was determined. Radioactivity of the second precipitate was subtracted from the value obtained in the first precipitation, the difference being the actual extent of transaminase labeling. We found the radioactivity of the second precipitate to be nearly constant in a given experiment, and subtracted an average value. Synthesis of the total soluble proteins of the liver was monitored by counting an aliquot that was pipetted onto filter paper disks and washed as described before.4
Results.-Specific repression of enzyme synthesis in stressed adrenalectomized rats:
In previous experiments designed to study the effects of stressing agents on induction of tyrosine transaminase, it was found that agents (such as tyrosine or Celite) found to be effective inducers in intact rats actually depressed the transaminase level when administered to, adrenalectomized animals.2 Similar results have been reported by Rosen and Milholland.19 The time course of the stress-induced decline in transaminase activity is presented as a semilog plot in Figure 1 state, this result indicates that the templates for transaminase synthesis are stable for this period.1' If new templates are not required to maintain the base level of enzyme, it follows that repression must operate at the level of enzyme translation rather than at the genetic or transcriptional level. However, inhibition of transcriptional processes by actinomycin abolishes the stress-initiated repression of transaminase synthesis ( Table 2 ). Dependence on continued RNA synthesis suggests that the reaction to stress initiates (or stimulates) transcriptional processes leading to formation of an active repressor. Thus, whereas the presumed repressor operates at the translational level, its formation depends upon transcriptional events, and the response to stress involves alteration of these events.
Role of the hypophysis in repression: Since it is well known that the pituitaryadrenal system is of major importance in the response to stress and that the adrenal response to stress is abolished by hypophysectomy, we examined the effect of hypophysectomy on the stress-mediated repression of tyrosine transaminase. The hypophysectomized animals appeared to be incapable of forming repressor in response to the stress of tyrosine injection (Table 3 ). This result clearly implicates pituitary factor(s) in the repression phenomenon, and suggests the possibility that pituitary hormone(s) synthesized or released in response to stress function as hepatic repressors or stimulate the synthesis of such repressors in the liver. 20 Discussion.-The tight control over hepatic tyrosine transaminase synthesis exercised by hormones of the pituitary-adrenal system is demonstrated by the striking differences in response to stressing agents observed in animals with different components of the system removed. Synthesis is increased in stressed intact animals, repressed by stress in adrenalectomized animals, and is unaffected by stress in animals lacking both pituitary and adrenals. The steady-state level in the normal animal thus reflects a delicate balance between opposing endocrine influences, one promoting enzyme synthesis and the other inhibiting it. Increased enzyme synthesis is known to be the result of glucocorticoid action, as these steroids are effective inducers under all conditions tested, including the isolated, perfused liver'0' 21 and hepatoma cells in culture.22 Identification of the presumed hormone promoting enzyme repression has not yet been made, but the data presented here indicate that it is of pituitary origin, or depends upon the pituitary for its elaboration. Both hormone actions are inhibited by actinomycin, and thus both appear to act on transcriptional processes. Induction of tyrosine transaminase by hydrocortisone is associated with increased synthesis of all three of the major kinds of RNA; as discussed elsewhere,7' 23 this general response in RNA synthesis has been difficult to reconcile with the specificity of enzyme induction. The highly selective action of repressors of enzyme synthesis could provide the solution to this problem, if it were possible to establish that enzyme synthesis is normally subject to repressor restraint and that hydrocortisone releases this restraint. The available evidence suggests that these conditions obtain. Rosen, Raina, Milholland, and Nichol24 have shown that administration of very low doses of actinomycin over a period of days increases the tyrosine transaminase level severalfold in adrenalectomized rats. This indicates that the capacity for enzyme synthesis is considerably greater than that usually operative, even in the absence of glucocorticoids; thus, enzyme synthesis is normally partially repressed. Induction by actinomycin can be understood in terms of its inhibition of repressor formation, as demonstrated above and earlier by Garren et al."1 But the actinomycin induction is slow and limited, in contrast to the increase in enzyme synthesis caused by hydrocortisone. The rapid, extensive induction that follows hydrocortisone treatment could be due to a combination of two effects, one being inhibition of formation of the selective repressor, and the other a generally increased capacity for protein synthesis due to increased synthesis of the various types of RNA. That glucocorticoids do inhibit repressor formation is indicated by previous observations2 of the response of tyrosine transaminase in adrenalectomized rats given both hydrocortisone and stressing agents. The stress-initiated repression of enzyme synthesis is not apparent in these animals, suggesting that it is blocked in the presence of hydrocortisone.
Whereas the response to stress resulting in repressor formation appears to involve transcriptional processes, the data indicate that repressor action is at the translational level. Translational control of specific protein syntheses in higher forms has been implicated in several recent reports (see, for example, refs. [25] [26] [27] , and experiments providing indications of potential mechanisms of repressor action at the ribosomal level have been described.28 ' 29 From the present data and the considerations discussed above, it appears that hormones participate in this type of regulation by controlling the rates of repressor formation.
Summary.-Administration of stressing agents (tyrosine, Celite) to adrenalectomized rats initiates a highly selective repression of the synthesis of hepatic tyrosinea-ketoglutarate transaminase. The enzyme level falls with a t0/2 of about 2.5 hr. Immunochemical measurement of the rate of enzyme synthesis indicates that it is reduced essentially to zero in stressed, adrenalectomized rats, whereas labeling of total liver soluble proteins is unaffected. Actinomycin does not itself influence the enzyme level, but it blocks the stress-initiated repression of enzyme synthesis, indicating that repression acts at the translational level, whereas initiation of repression involves transcriptional processes. The stressing agents are ineffective in hypophysectomized rats, implicating an hormonal factor of pituitary origin in the initiation of repression. 
